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ON THE SERPENTINE OF MONTVILLE, NEW JERSEY. 

DV GEORGE P. MERRILL. 

(Wilb Plates XXXI, xxxii ) 

Being in common with petrograpliers in general deeply interested in 
the ]>roblem of the origin of seqieiititious rocks, the writer took occa- 
sion, during the summer of 18S7, to visit sundry localities where the 
rock was known to occur, and among them, that at Montville, N. J. 
This locality was looked forward to with especial interest, since owing 
to the rare beauty, purity, and compactness of the rock, as shown in 
numerous mineral cabinets throughout the country, and its known oc- 
currence imbedded in a massive dolomite, it was thought that here, if 
anywhere, it might be found as a rock formed from a<iueous sediments 
of chemical origin, as argued by Dr. Hunt.* The results of my exami- 
nations are given below: 

As above noted, the serpentine occurs associated with a massive, 
coarsely crystalline dolomite, and the tine specimens to be found in the 
various museums are obtained during the process of quarrying this rock 
for burning into quicklime or for a flux in iron furnaces. 

The first noticeable thing regarding the seriientine is, that while it 
is occasionally found in small seams and veins, its princii)al mode of 
occurrence is the form of isolated nodules from a few inches to 1 or 2 
feet in diameter, or as a thin coating on large irregularly rounded or 
oval bowlder-like masses of all sizes up to 8 or 10 feet in diameter, 
and which from their crystalline texture and white or gray color seem 
in most instances to have been mistaken for the ordinary dolomite of 
the quarry. 

The smaller nodules separate readily from the inclosing dolomite, and 
present always highly iiolished and often beautifully grooved and sliek- 
eu sided surfaces, which are covered here and there with iiatches of a 
tliiu foliated, somewhat fibrous, light yellowish-green mineral resem- 
bling picrolite, but which examination proves to be otherwise, as will be 
noted later. 

The exterior of many of these nodules is strikingly like that of peb- 
bles scarred by glacial action, and present other features such as to 
suggest they have been subjected to a considerable compressive force. 
When broken 0 {)en the nodules are found, as a rule, not to consist of 
seiT>entine throughout, but to contain a core or nucleus of a white or 
gray mineral which, as above noted, has, on casual inspection only, 
been mistaken for the ordinary dolomite of the quarry. There is no 
* Trails. Roy. Soc. of Cauada, vol. 1, also Miii. Physiology ami Physiography, !>• 434. 
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con.st'.nit n‘lMtionslii[) in tliickiu‘ss between the serpentine and the nu- 
i*h*ns, the euat imr vai\N ini;' (rnni the Iraetion ot‘ one to several iiielies 
(rarely iiiok^ than d <n* (») in thieKn(‘ss. ], L!, and 3, Ph xxxi, are 

(‘haraeteii>tie loiins, the nodule shown in 1 haviii.U’ been broken 
,so as to leave the nuehMis entile, while li^s. 2 and 3 are from si)eci- 
mens ent thi'oii^h the center and i)olished. In tig'. 1 the imelens is 
about 1 1 inches long and 5 inches wide by 2 inches thick in its greatest 
diimmsions, tapei’ing down to a blunt point at the lelt. Larger were 
tbnml, and others in which the nucleus had completely disappeared. 
Xot tlje least interesting feature of the case was the discovery that these 
nu(*h‘i vai’ied in color, some being gray, slightly greenish, otheis pure 
white, and that each had a coating of seri)entine characteristic of itself. 
That surrounding the giay nuclei is deep, bright green, sometimes 
almost black, and S(*arcely translucent ; that surrounding the wliite nu- 
clei, on the other hand, is of a beautiful light oil yellow, almost amber 
color, and tianshieent almost to transi)arency. The two vaiieties are 
in most cases distinct, rarely, so far as observed, grading into one an- 
other. i>oth varieties show at times narrow veins of amianthus or 
chrysotile, though these are most abundant in the light colored variety. 
On (exposure to weather, after (|uarrying, a shrinkage takes place, so 
that in most cases rhe serpentinous crust shells off only too readily, in 
small fragments, and often almost as clean as the burr from a chestnut, 
leaving the nucleus compact and fresli, with a linn, smooth and shining 
surface, and with only thin patches of serpentine adhering here and 
there, as in fig. 1 of plate. 

On examination with a pocket lens it becomes ap])aient that the 
connection between the serpentine coating and the iiuelei is much 
closer than at first appeal s, the mineral of the nuclei near the point of 
contact assuming a faint yellowish or greenish tint. Small veins and 
tongu(‘s of serpentiiions matter also in places project into the nn<*lei, 
as shown in tigs. 2 ami 3 of jilate, where the light gray mineral of the 
nnch.Mis shows up in strong contrast with the dark sei'pentiue. Thin 
sections cut so as to inelnde portions of both serpentine and luieleus 
show the latter to consist of a granular aggregate of short and stout 
crystals of all sizes up to 2'"*" in diameter, colorless or slightly gray, 
and non j>leoehroic though ]H)larizing brilliantly in yellow, green, and 
violet colors. The mineral is monoelinic in crystallization, gives ex 
tiiietion angles on sections ap]>roxiinately i)arallel to the clinopinaeoid, 
varying from 27'^ to 3<P, and shows the optic axes in the plane of sym- 
metry. Well-defined prismatic (*lcavages are develoiKHl, which, as seen 
in basal sections, vut one another at nearly right angles. A third cleav- 
age' parallel to the orthopinacoid was observed in a few instances. 
Polysyntlu'tic twining is eoinmon ; twin lamelhw as shown in basal 
seetious lying iiarallel with the orthoi)inacoid. All the above charac- 
teristic's are indieative of dio]>sid('. These indications are confirmed 
hy tile analyses to be unfed later. ILxamination of portions of the sec- 
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tions from the line of eoiita'-t show most beautifully tlie direct transi- 
tion of the diopside iuto serpentine, as illustrated in Ii<»s, 1 and 2, PL 
XXXII, engraved directly from pliotoiiiicrographs by Mr, T, W. Smillie. 
Each crystal is bordered by a narrow fringe of [)arallel lying serpentine 
tibers standing at right angles with the crystal itself, after the manner 
so well known in serpentine pseudomori)hs as to need no further de- 
scription. Fracture and cleavage lines have given way to irregular 
canals of serpentinous matter, and every gradation can be traced in a 
single section from the fresh diopside to pure, compact serpentine. 
Secondary minerals (other than serpentine) are surprisingly rare in the 
sections at hand. In all those from the larger masses the gray pyrox- 
ene is seen passing directly into pure serpentine w'thont a trace of ad- 
mixtures of free ealcite, silica, or iron oxides, all having evidently been 
removed as fast as formed. (See tig. 1.) In some instances where the 
pyroxene occurs in nodules but a few millimeters in diameter in bedded 
in the dolomite the transition into serpentine is made noticeable by the 
formation of a reddish zone of iron oxides. Sections from the white 
])yroxene ditfer in that they still show in the form of small ealcite gran- 
ules the excess of lime set free during the process of transformation. 
(See hgs. 2 and 3.) As both pyroxenes contain essentially the same 
percentages of OaO such differences can scarcely be expected to prove 
constant on further investigation. Even where the alteration is com- 
plete and no trace of the oi-iginal {pyroxene remains, the origin of the 
serpentine by hydration of some magnesian silicate is made at once 
apparent by such ai)[)earanee as shown in tig. 4, PI. xxxii. Here the 
gradual increase in bulk of two adjacent granules of the pyroxene has 
crowded the ealeite grains lying between them into a compact bun- 
dle, while immediately beyond they spread out into broad fan shaped 
areas, giving rise to a pseudo tiuidal structure. These evidences of ex- 
pansion suggest a possible explanation of the sliekeusided surfaces seeu 
on all the nodules, and which indeed are common to seri)eutinous rocks 
wherever found, and emphasize the suggestion made oy Hiller and 
others to the effect that they are due chietly, if not wholly, to motion 
generated in the mass of rock by increase in volume. Take the case 
of an original nodule of the pyroxene imbedded in the dolomite. As 
hydration goes ou more space is demanded and the serpentinous matter 
is pushed out into every available nook and crevice. Possibly through 
force of expansion fractures will be formed in the inclosing rock, and 
as the serpentine is pushed out gradually iuto these spaces it comes in 
contact with the rough walls of the inclosing rock, and is grooved and 
polished in direct proportion to the amount of movement and the hard- 
ness and resistance of the material of which it is composed. The ex- 
treme compactness of the serpentine is doubtless due largely to the 
resistance to expansion offered by the dolomite in winch it is iinbedded= 

"^Geology of Lassen’s Pt*ak District, California. Eightli Annual Rei»ort U. S. Geo- 
logical Survey, 18S()-’S7. MSS. notes. 

Proc, X. M. SS S 
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Just wliut tli(‘ jiinoimt of (‘xpansinii lias been can not i>c estimated abso- 
1 u l cl V. o\v i njji,' to a loss ot an nndi*tcrminable amount ot mateiial. Imoiii 
a comparison ot spccili(* !^i’a\’itics ot the two niincials tiloiie it would 
api»car that tliis increase was about 1^1) per cent. This, liowever, can 
not l>e considered as more than a roip^h approximation, since, as shown 
bv tlu‘ analyses to be noted lat(‘i\ there has been a loss of all the lime 
and presumably of a part of the silica wiili smaller amounts of iron ox- 
ides and alumina.^ I am of course aware that as long* ago as 187li, J. 
l.embergf in des(*ribing the highly lustrous and slickenside-like surfaces 
of c(*rtain serpentinous rocks, argueil tVoiu facts, not necessary to ro]K'at 
here in full, that their lustrous appearance was due not to inovemeut 
nor pressure, but to a deposit on the surface of an infinitesimally thin 
coating of a m.ignesian silicate. Troof of this was drawu mainly from 
the fact that the luster appeared not merely on joint surfaces but also 
on cleavage faces and rough uneven surfaces where there had evidently 
b(‘en no movement. Further, w hen, as sometimes occurred, a polished 
serpentinous surfa(‘C w^as in contact with limestone, it was the sei'iien- 
tinous rock alone that sliow’ed the jiolish wdiile the limestone remained 
rough and unchanged. The tw o (aises are not, however, exactly par- 
allel. In the present instance fractured surfaces of the seriientine show’ 
freipiently a highly lustrous surface, almost resembling a true cleavage, 
which may v(‘ry likely be due to the tliin coating or glazing suggested 
by LiMuberg. The lustrous condition of the exterior of the nodules can 
not, however, be thus accounted for. Not merely are they polished, 
but also are grooved and striated like bowlders from glacial drift; fur- 
ther, this outer portion show’s often in ]>laces a thinly laminated or 
jilaty structure, recalling the platy structure produced in metals by 
continuous hammering. 1 believe this condition to have been brought 
about w holly by i>ressure and motion generated in the mass itself by 
in(ueas(‘ in bulk rather than by orogra[)hic movements. The fact that 
the inclosing dolomite does not show’ like polished surfaces may be due 
simi)ly to the fact that during the molecular re-arrangement incident to 
the (‘on version of the diopside into serj)entine, and its highly hydrated 
condition, this mineral w’ould naturally be in a condition to be molded 
and scratched by the dolomite, even were not the latter under ordinary 
(!i!cumstauces the harder mineral of the tw’o. 

To further show’ the relationshi]) between the two minerals, samples 
i)f both i>yroxenes and serpentines w’ere submitted to M\\ Charles Cat- 
lett, of the r.S. Ceolog’cal Survey, for analysis. The results arc as fol- 
lows: 

“Pr. limit (.Mill . lUiys., p. .">()()) has shown that the conversion oi* olivine 

into seriuoil iiw, ii nnatteiidcd hy loss of silica, is .'itteiidod l.iy anguieutatiou in bulk 
amomitinir to :i:i pio' cent. 

t Uchcr die coiitaclbildiiiiixcn bei Preda/.za. Xeiies Jaurbneh. Vol. xxiv. p. 187. 
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I. The gTiiy ])yroxene. 11. The green serpentine resulting from its 
alteration. III. White pyroxene, and IV, tlie yellow serpentine re- 
sulting from its alteration * 

The changes which are shown to have taken place are self-evident 
and need not be commented upon. The fact that no free silica or sec- 
ondary silicates other than serpentine are found in the sections may be 
due to the entire removal of the excess silica in the pyroxene, as was 
the case with the calcite. or as seems very probable, the inclosing dolo- 
mite may also have been acted upon and yielded sufficient magnesia to 
convert the whole into seriientine as suggested by Danat in the case 
of the serpentine and dolomite of Westchester County, X. Y. In their 
high percentages of water it will be observed these serpentines approach 
closely to the so-called retinalite variety as given by Dana. | The ex- 
treme compactness and homogeneity of the Montville stone, however, will 
scarcely permit us to consider it as a mixture of deweylite and serpen- 
tine as suggested by Professor Dana in the case of the retinalite of Gren- 
ville, Canada. S(^condary minerals other than serpentine and calcite 
are, however, by no means wholly lacking. In many cases the granules 
of the light yellow serpentine (No. iv of analysis) are bordered by a 
finely microcrystalline, creamy white, somewhat chalky looking mineral, 
which I have not been able as yet to obtain in sufficient purity for ac- 
curate determination, but which is judged to be a mixture of calcite and 
magnesite. Aside from this are occasional aggregates of a white color, 
and with a compact microgranular or short fibrous structure which 
under the microsc<)i>e are seen to consist of a dense aggregate of minute 
calcite granules associated with numerous elongated silky fibers scarcely 
afiecting polarized light but giving extinctions always ]>arallcl with 
their greatest elongation. The entire mixture submitted to Mr. Catlett 
for analysis yielded results showing it to consist of DO. 17 per cent, 
mixed carbonates of lime and magnesia (mostly lime) and 9.97 per cent, 
of a mineral having essentially the composition of seiT)eiitine with traces 
of iron oxides, alumina, soda, and potash. It is evident that the fibrous 

* Analysis of serpentine from this same locality, as given by Dana (System of 
Mineralogy p. 4b;) is as follows: SiO.Ti.S; MgO TJ.IO; H-.O U.CC ; FeO 1.96. This, 
it will be noted, agrees almost exactl}" with the above No. IV. 

t Am. ,Tonr. Sci., July, 188U, p. 3‘2. 

t System of ^lin., p. 467. 
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iniiionil is sini]»ly libroiis seriHMitine ((^lirysotile). The compact, liglit 
yellow j»laty mineral coatiii.i;’ the siirlace oltlie nodule to which I liave 
idready alluded is found, on pul verizin.^' and treatment with dilute acid, 
jilso r<» he a mixture of ealeiu^ and soft silky Mhers of like nature. As 
ahvaily in(imat(‘d, I am disposed to consider this structure to have been 
induced u holly by pressure. lu the <juarry diimi) were found fragments 
of th(‘ n»ek, showing aggregates of serpentine, a very comt>act light 
greenish amorphous mineral resembling dewcwlite, but with a s[)cci[ic 
gravitv of -.o, small scales of deep reddish-brown and nearly colorless 
mica, v(‘ry compact aggregates of a greenish micaceous mineral with the 
bhiw-])iji(* propmaies of vermiculite and other minerals, which for lack 
of tiim‘aud a siini(*ient amount of satisfai'tory material must be left for 
lutur(‘ inv(‘stigation. The secomlary calcite, I should say, is usually 
granular and of a slight bluish tinge. The mineral is. however, some- 
times found in fibious form and of a pure white coloi*. 

In conclusion : The .Alontville ser])encine is a highly hydrous variety, 
approaching retinaliti^ in composition, and was derived by a process ol' 
metasomatosis* from a mineral of the pyroxene group with the optical 
and (diemical properties of diopside. The change has been accom- 
panied l»y a considerabh*- increase in bulk, and in most cases the pro- 
du<*ri(m of beautiful slickensided surfaces and a platy structure due to 
[iressure. The excess of lime has recrystallized chiefly as granular cal- 
cite of a light bluish tinge, and also in fibrous forms. Other secondary 
minerals have been found in the (juarry duni]), but not having been 
found in place have not been worked out genetically. 

X«) free silica in the form of chalcedonic veins, such as are an almost 
univ. [sal accmnpaniiuent of altered beds of dunite, liave been lound 
If is inferred tliat sutlieient magnesia must have been furnished from 
other sources to convert the whole into serpentine, or that farther 
search will hiing to liglit secondary silicate minerals. Conemming the 
exact relationship existing between the i)yroxene masses and the dolo- 
mit<‘, I am somewhat in doubt, as the oiitero|)s were poor at the ])oints 
visit(‘d and the time limited. They are aj)parently segregations, and 
ciu-tainly can not he considered in any way conneeted with igneous 
agenci(*s. A very small dike (less than a foot in width) of a dense, 
nearly black trap rock occurs at the quarry 0])ening, but apt>areiitly is 
in no way coniH‘eted with the processes of sei peiitinization. I presume 
ihis is the rock d(‘S(‘rib(Ml as a jioi’idiyrite by ]Mr. Kemp in the annual 
iv|)ort of tlie State Geologist of New Jersey for ISSO (p. 

1 he dm ivation of sei*j»entine from pyroxene is a matter well known to 

I iisr lliis word to indicate* the process of ‘•indetinite substitution and re'place- 
meiit:*’ the sense in wbidi it has already been accepteel by Dr. Hunt (Min. Phy.s., p. 
blen, Iniiiiions, ainl otljers. 

t It may be well to stale that the einarry is the projicrty of Mr. J. J. Hoidon, of 
l»oonton, ami ean be at present easi<*st reached by rail from N<*w York City to lloem- 
om ami ibenoe* by earriaires. 'Idn* writer would here express bis tliaiiks to Mr. Gen- 
don for his kin Ine*ss in aen’ornpanyrng him t > t'l * ejeiarry anel torwareling elesiraldc 
material. 
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Plate XXXf. 




Serpentine of Montville, New Jersey.- Nodules of Serpentine with Nuclei of Diopside. 

fExplauatkm on pajjre HI.) 




